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I. INTRODUCTION 
In conducting a study of the insect labium it might 
be possible to attack the problem in several different ways. 
Some investigators such as Anderson (1936) on the labia of 
Coleopterous larvae, and Miss Williams (1936) on labia and 
maxillae of Coleopterous adults, have chosen a single insectan 
order and have studied one specimen from each of the various 
families of that order, basing their family listings on some 
well-known taxonomic work. Such a method of approach is ad¬ 
mirable in many ways, especially from the taxonomic aspect 
of the particular group studied, but it has not seemed 
adaptable to the purposes of the present paper. 
The method of approach adopted herein, while it aims 
to acquire information of value both to taxonomists and mor¬ 
phologists, is also of interest for its own sake in that it 
shows the Insect labium as a living, plastic entity rather 
than as a separate and isolated unit. It consists in study¬ 
ing a large number of forms from different insect groups and 
within particular groups, arranging them in wseries’1 accord¬ 
ing to certain tendencies discovered, and drawing such phylo¬ 
genetic inferences as may seem to be indicated by the various 
homologies of structure. 
This method has been particularly emphasized by 
Crampton in a number of different papers dealing with the 
comparative morphology of Arthropods, notably his papers 
on the head capsule (1922, 1928, 1932), the neck and pro- 
2 
thoracic sclerites of insects (1926), and the insect maxillae 
(1923). 
Obviously, one type of living insect cannot he an¬ 
cestral to any other type now living, but one type may retain 
ancestral characters while others forge ahead; hence the 
phyletic record, while not left in fossil form, or revealed 
to any great extent by insect embryology, is left in the re¬ 
tention of primitive structures by modern insects, the proper 
study of which may oftentimes throw a flood of light upon the 
phylogenetic picture. True, it is a somewhat laborious method 
and there must necessarily be gaps or "missing links", but by 
and large it is one of the most effective means of lending 
significance to a morphological study. 
Since the thorough investigation of labiel structure 
in aj.1 of the thirty or more orders of insects would involve 
much more time and space than can be allowed for in a Master’s 
thesis , the writer has first studied the more generalized 
forms of labia occurring in the Apterygotan and primitive 
Pterygotan orders; in these groups it is possible to trace 
various modifications, some of which presage tendencies which 
occur later in the Hymenoptera. Certain of the Neuropterold 
labia suggest close relationships with the Hymenoptera, and 
are probably not far removed from the ancestral type from 
which eventually arose the Hymenopterous labium. It is within 
the order Hymenoptera that a considerable portion of the 
original research work of this paper has been carried on. It 
lias seemed advisable to emphasize this particular group chiefly 
r 
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for two reasons t (1) Hymenopter ous mouthparts had not been 
Investigated thoroughly from a morphological point of view; 
and (2) examination of some of the Hymenoptera gave promise 
of fertile ground for the working out of phylogenetic series* 
Briefly, then, the purpose of the present paper is 
to trace the development and modifications of the insect 
labium in some of the more generalized insect orders, and 
particularly in the Hymenoptera, with a view to a clearer 
understanding of their inter-relationships and of the evo¬ 
lutionary principles that lie behind those inter-relationships* 
II. DISCUSSION OF THE PROBABLE ORIGIN OF THE INSECT LABIUM 
The ingestion of nourishment is an activity funda¬ 
mental to all animal life. Every animal must, at some stage 
of its development take in, absorb, and assimilate food if 
it is to continue to live; the structural adaptations which 
various groups of animal organisms have evolved for perform¬ 
ing this function are of almost infinite variety. In the 
class Inseota, it is the gnathal appendages of the head 
which have been adapted to the external processes of feed¬ 
ing. At least three pairs of appendages, presumably once 
used for locomotion, have became specialized as feeding 
organs: (1) the mandibles, (2) the maxillae, and (3) the 
labium (from the Latin wlipM) which closes the mouth cavity 
posteriorly. 
Any structure is better understood when viewed in the 
light of its past history* We feel a deeper and more vivid 
4 
comprehension of a thing when we have a knowledge of where 
it came from* what preceded it* and what factors or principles 
were involved in the processes which brought it into being * 
Th© organs of a living animal are not separate,detached en- . 
titles, but are organic — changeable and changing; and It 
is the nature of human intelligence to seek to discover the 
origins of things— to know the answer to the question rtHow 
did it get this way?* Since the present discussion is con¬ 
cerned with the inseot labium and some of the modifications 
which it has undergone in its departure from the generalized 
condition, it seems appropriate as an introduction to the 
subject, to attempt to trace the probable development of the 
* 
labium from its remote ancestry as a pair of limb appendages 
down to its generalized form as found in primitive insects 
4 t 
living today. With this as a background, the discussion of 
further modifications of the labium as studied in the original 
research conducted in the preparation of this paper, will 
become more Intelligible* 
It should be understood that the following discussion 
• i 
of the prpbable origin of the labium is a purely theoretical 
one* Science actually knows very little about the ancestors 
of the Insecta, chiefly because of the scarcity of fossil 
forms, and their relatively poor state of preservation. 
The ideas here presented are adapted principally 
from Snodgrass (1931)» and may or may not represent a reliable 
picture of what actually took place in geologic time. At any 
rate, all entomologists believe that the insect labium was 
formed by the fusion of two maxilla-like appendages, and the 
following ideas as to the origin and homologies of these 
appendages are both logical and illuminating* 
It is generally agreed by students of zoology in 
general and of arthropod phylogeny in particular,that the 
0 
precursors of the insects were annelid-like creatures with 
elongated bodies divided into numerous segments, bearing 
each a pair of lobe-like appendages* The first demand of 
such a creature destined to forge ahead of his worm-like 
contemporaries in locomotor efficiency, would be for an 
antero-posterior movement of the limb* Hence there would be 
established a dorso-ventral articulation of the primitive 
limb (fig* 1)* The next step would logically be the division 
of the limb into a basal and a distal portion which have been 
termed the limb basis or coxonodlte and the telopodlte re¬ 
spectively (fig* 2, Cxp, Tlpd)• The articulation between 
them would naturally be an antero-posterior one, allowing the 
telopodlte to move vertically on the limb basis and greatly 
increasing the efficiency of the limb in locomotion* The 
next joint established was probably as a division of" the 
telopodlte, forming a f,knee joint* (fig* 3* ft), which, it 
should be noted, can be identified in all fully-developed 
limbs of living arthropods* 
Now having theoretically established such a general- 
« 
ized locomotor appendage, it is not difficult to derive a 
typical insect liirfb (fig* 4), or the limb of a trilobite (fig*5) 
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from it>simply by the subdivision of its respective segments. 
Hence tho next evolutionary step which probably occurred after 
the generalized 3-segmented appendage of fig, 3 was the sub¬ 
division of the segments so as to form a limb with a 6-segraented 
telopodlte• 
in many arthropods the limb-segments may bear secondarily 
formed lobes on their inner or outer margins; inner lobes are 
called endites, outer lobes are known as exltes, The trilo- 
bite limb (fig, 5) bears both an exit© lobe (Ext) and an endite 
Jobe (Bnd) on its basal segment. Sometimes more than one 
exit© or endite lobe occurs on a single basal segment! fig,6 
shows the first maxilliped of the living primitive Crustacean 
Anaspldes, which bears two exite (1 Ext* 2 Ext) ad two endite 
(Lc, Ga) lobes on its coxopodite. 
Since double endite lobes actually occur on certain 
arthropod limb bases, it may bo assumed that the limbs which 
phylogjenetical ly preceded the labium bore similar lobes. If 
the exite lobes of fig, 6 become atrophied, the resulting 
limb will be seen to resemble Very closely the generalized 
form of an insect maxilla (fig. 7). The coxopodite comprises 
the cardo and stipes (Cd, St), the telopodite becomes the 
maxillary palpus (Tlpd), and the two endite lobes of the 
coxopodite are the laclnia and galea respectively (Lc, Ga)• 
The pair of appendages which were to form the labium 
were undoubtedly once very similar to the maxillae. But 
while the changes enumerated above were taking place, other 
changes were occurring In the animal!s body; its anterior 
portion which bore the maxillary and labial appendages, 
became specialized as a head capsule, closely associated 
with the process of feeding. Hence a union of the two labial 
appendages along their median margins would serve to close 
the mouth cavity posteriorly, forming a flap-like or slightly 
cup-like structure for the better retention of the masticated 
food material and the salivary fluids. 
Figure 8 represents such a pair of fused appendages. 
Here finally is a structure which resembles the labium of 
the living insect Machllls (fig. 9) so closely as to render 
this final step of the evolutionary series incontrovertible. 
The secondary loblng of the galeae, now called paraglossae 
(Pgl), and the reduction in the number of segments of the 
i t . • » 
telopodite (now the labial palpus - fig. 9, Plp); are details 
f * * * 4 
of only minor significance since these structures are quite 
variable in the different insect groups. 
Hence, to summarize briefly, the insect labium is 
a compound structure, formed by the fusion of two modified 
body appendages along their inner margins. Its parts can 
be homologized with the parts of a generalized arthropod 
appendage, and though considerably modified and reduced, 
still show evidence of their ambulatory-limb ancestry. 
III. GENERAL MORPHOLOGY OF THE LABIUM 
The nomenclature of the various parts of the 
generalized Insect labium has been greatly confused in 
times past. This has been caused both by the differing 
individual name-preferences of various investigators and by 
the incorrect identification of homologies in the various 
groups* 
For the purposes of the present paper, it seems best 
r 
to employ the terminology suggested by Snodgrass in his 
"Principles of Insect Morphology" (1935)* 
The generalized labium as illustrated by Ilachills 
(fig* 9) or by the Orthoptoran shown in fig* 12, may be 
divided into two primary regions, a distal prementum and a 
proximal postmentum* The postmentum may remain a single un¬ 
divided plate, may become partly membranous, or may have a 
secondary plate, called the mentum (fig* 14, Kt), out off 
from its distal margin* When 4 mentum is present, the 
proximal portion of the postmentum is termed the submentum 
(Smt). Largely formed by the labial stipites, the prementum 
or portion of the labium distal to the postmentum, may also 
in certdn cases be divided into several sclerites, but it 
generally retains its simple form of a single sclerlte. It 
bears the labial palpi (figs. 9, 10, Pip), which are usually 
3-segmented, although the number varies, by reduction or 
division, from one segment to four. On the distal margin of 
* a 
the prementum are borne 2 pairs of lobes— an inner pair of 
glossae, and an outer pair of paraglossae (fg* 12, 0-1, Pgl) * 
All four lobes are usually present in a generalized labium, 
but they may be secondarily fused, atrophied, or subdivided 
in a number of different ways. If the terminal lobes become 
9 
so modified as to form a single flap-like structure, this is 
termed the ligula (fig* 25# Lig)# 
In certain types of insect head capsule, in which 
the mouthparts migrate from a ventral to an anterior posi¬ 
tion (prognathism), the proximal edge of the postmentum may 
become elongated to form a so-called gular region (fig# 22, 
Gu) • In certain cases this region, instead of being con¬ 
fluent with the postmentum, forms one or even two gular 
sclerites (fig# 23, Gui, GU2)# When the postmentum and 
gular region are confluent, the distal extent of the gula 
is determined by an imaginary line connecting the posterior 
tentorial pits (fig# 22, Gp)• 
IV. SOME LABIAL MODIFICATIONS IN THE GENERALIZED INSECT ORDERS 
The term "generalized insect orders" refers to those 
groups of the Insecta which have not become greatly special- 
i 
ized along particular lines, but have retained in their whole 
general organization, resemblances to admittedly primitive 
types of insects. In general, these orders have the biting 
and chewing type of mouthparts, and though many modifications 
occur, they are not usually so great as to baffle attempts 
to homologize them with primitive forms# 
The ideal method of comparing structures from a phylo¬ 
genetic point of view would be to build a ^^dimenBionsl tree¬ 
like model, with specimens placed In the appropriate positions 
10 
on its branchea• In fact this method has actually been tried 
in the preparation of museum exhibits, but it is hardly 
adaptable to the needs of the present paper# Instead, the 
problem of showing affinities and inter-relationships must 
be overcome by series of 2-dimensional figures in the hope 
that with the aid of word descriptions the reader will be 
able to construct a clear picture in his own mind# 
It has been rather conclusively shown by Crampton 
and others that Kacftllla is the most primitive known living 
insect# Hence the labium of Machllls (fig# 9) will serve as 
a starting point. Figs# 9-11 should be considered together 
since all are Thysanurold types. Fig. 10, the labium of the 
fire-brat, Thermobla. shows the familiar division into post- 
mentum and premen turn, and bears 3-segmented palpi aid four 
terminal lobes on its prementum# It should be noted, however, 
that there is a lengthening of the lateral edges of the post¬ 
men turn proximally, and that a distinct line of setae and a 
slight constriction of the solerite occurs toward the distal 
region of the postmentum, possibly presaging the development 
of a distinct mental sclerite (fig# 10, Mt) • Both of these 
f 
tendencies again manifest themselves in the Orthoptera 
(figs# 12-17)# 
An examination of the labium o£Betero.1apyx (fig# 11) 
. ,/ ' ';.J « ’>v.K 1 ' 
at once reveals an even greater divergence from the generalized 
condition. While the postmental plate remains but little 
changed, a gular sclerite (Gu) has apparently developed in 
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the membranous region proximal to the postmenturn. The labial 
palpi (Pip) are greatly reduced, there being only a single 
segment remaining* Th© paraglossal lobes are very broad and 
have crowded the glossae into a small median area of the 
ligula (fig* 11, Pgl, 0-1) • This latter tendency is also one 
which reappears in the Orthoptera, as is shown in the series 
of figures 12-17* 
, i 
Hetero.japyx and closely related insect types have been 
considered by some investigators to be more primitive and 
"ancestral” types than Machllls or Thermobla* The evidence 
of the labium does not support this view, for it seems quite 
obvious that the Hetero.lapyx type of labium is too highly 
dpecialized to have been the precursor of the Machllls type, 
or of any of the generalized labia discussed in this paper* 
The labium of a cockroach, Cryptocercus (fig* 12) 
may next be considered, as an example of a primitive Orthopteran 
type* It is not maintained that the Orthoptera descended from 
the Thysanuroid types directly, but the evidence of the Jabium 
indicates some of the same tendencies wording in the two groups* 
It seems probable that the ancestors of the Orthoptera had a 
strongly Hachllls-llke type of labium* Cryptocercus (fig*12) 
retains the simple postmental plate, the 3-s©gnented palps, 
ard the glossal and paraglossal lobes. There is, however, 
a very slight membranization of the cbitin on each side of 
the distal edge of the postmentum (fig* 12, mem) which is 
probably an incipient demarkatlon of a mental sclerite. Just 
12 
as were the slight constriction andthe row of setae In Thermobla 
(fig* 10). 
The series of figures numbered 12-17 is of consideeable 
significance because it shows very clearly three tendencies 
which occur in the Qrthoptera, and which were more or less 
foreshadowed in the Thysanuroid labia examined previously. 
The first is a tendency to elongate the proximal "corners" 
of the postmentum which are the articulatory points of the 
labium. A glance at figs. 12-17 will be self-explanatory; 
the postmentum tends to change progressively from a nearly- 
square shape to that of a U- or V-shaped sclerite. Ag& n, 
in this same series, an enlargement of the paraglossae (Pgl) 
and a mesal crowding of the glossae (Ql) occurs, so as to 
render the glossae barely distinguishable in the Acridid 
• 
grasshopper shown in fig. 17* A similar glossal reduction, 
• * * 4 
it will be remembered, occurred in Hetero.lapyx (fig. 11). 
This tendency becomes of even greater significance later in 
suggesting 4lie affinities of Plecoptera, Embiidina, Derraaptera, 
1 fk 
and Coleoptera. 
The third tendency in the series of Orthopterdid labia 
(figs. 12-17) concerns the mentum (Mt). If the series is 
read in the same direction as previously indicated, there seems 
to have been a progressive differentiation of the mentum as a 
* j 
distinct sclerite (figs. 12-14, Mt), followed by a reduction 
again to the barely distinguishable hinge-like area shown in 
fig. 17. Of course it is not necessary that the series be in¬ 
terpreted in this way; the Acridid type (fig. 17) may have re- 
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tained a primitive type of postmentum, while becoming highly 
modified in other ways* However, it seems logical to assume 
that the precursors of the^crldidae may once have had a dis¬ 
tinct, well-developed mentum. At any rate, the roach labium 
shown in fig* 13 illustrates very clearly that the mentum, at 
least in the Orthoptera, is a subdivision of the postmentum * 
The particular specimen selected shows the mentum (Mt) still 
attached me sally to the submentum (Smt), the membrane not 
having yet completely subdivided the postmental plate* Other 
roaches such as Perlplaneta show a complete separation of the 
two areas* > , 
The mantid and termite labia shown in figs* 18 and 19 
respectively, show close resemblance to each other and to the 
cockroach type (fig* 12), thus indicating close affinities 
among these Orthopteroid groups* The postmental area in the 
mantid (fig* 18) is not divided into plates, but there is a 
faint color difference which may possibly indicate incipient 
subdivision* The same is true of the termite* The shape 
and relative size of the {glossal and paraglossal lobes and 
of the labial palpi also indicate veiy close affinities among 
termites, mantids, and roaches* 
At this polmt it seems appropriate to consider an¬ 
other series of labia which have developed in a somewhat 
different, though in many respects parallel, direction* 
The labium represented in fig* 20 shows close re¬ 
semblances to the generalized Machine type (fig* 9) • It 
belongsto a rather primitive group of insects, the Fiecoptera, 
\ 
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the ancestors of which probably were similar to the ancestors 
of the Orthoptera. This is indicated by the fact that this 
\ t 
labium has retained the primitive bipart division into post- 
mentum and preraentum, and also has retained foflr unfused glossal 
and paraglossal lobes (fig# 20, 01, Pgl). However, in some 
of the Pleooptera a mental sclerite Is present (fig# 21, Mt)# 
It will not be necessary, for the purppses of this paper, to 
undertake a discussion of the Plecopterous labium, for it is 
rather stereotyped and has the same fundamental structure as 
that of fig# 21# It becomes significant, howeveri when com¬ 
pared with an Embiid labium (fig# 22) and the labium of a 
Dermapteran (fig# 23)# The fimbiidina are a small and- little- 
known group of insects which, according to Crampton, have 
affinities both with the Pleooptera and the Dermaptera, and 
indeed the evidence of the labial structure bears out this 
idea# It will be observed that the shape and relative posi¬ 
tion of the mental sclerite (figs# 21, 22, Mt)are very similar 
in the Plecopteran and Bmbiid# Furthermore, the tendency to 
reduce the glossal lobes (fig# 22, 0-1) has apparently been at 
work in the Embildina, and a glance at fig# 23 reveals that 
this tendency has gone still further in the Dermaptera, so 
that the glossae have entirely atrophied, leaving only the 
paraglossae (Pgl)# 
It should also be noted that a gular region occurs in 
both the Embilds and the Dermaptera# In the Embiid labium it 
is a narrow, faintly d©narked area confluent with the sub^ientum 
15 
proximally, and in the Dermaptera it takes the form of two 
well-defined sclerites* Hence the Embiid labium (fig* 22) 
seems to show affinities both with the labium of the Plecoptera 
and that of the Dermaptera; 
Fig* 24 shows the labium of Hemlmerus* In the past, 
this queer insect has been a problem-child to taxonomists* 
The Hemimerlds have been classified as a family of the Or— 
thoptera, as a separate Order, the Diploglossata, and as 
a family of the Dermaptera. A comparison of fig* 24 with 
fig* 23 leaves little doubt as to its affinities with the 
Dermaptera. The most obvious similarities are the presence 
of two large gular solerites in both forms (Gul, Oug), the 
large submental region and relatively tiny menturn (Smt, Mt), 
the large paraglossal lobes (Pgl), and the complete absence 
of the glossae. 
This tendency toward a complete loss of the glossae 
is one which manifests itself in certain higher groups of 
Insects, notably the Ooleoptera and the Neuroptera (see figs. 
25-31)* According to Crampton (1925) the Netkroptera, Coleop- 
tera, and Hymenoptera are very closely related. This rela¬ 
tionship may be discerned in a comparison of figs. 25* 26, 
31, and 32. Fig. 25 is the labium of a Coleopterous larva $ 
fig. 26 that of a typical Coleopterous adult; fig* 31* of the 
Neuropteran Hemeroblus; and fig. 32 the labium of the primi¬ 
tive Hymenopteran, Macroxyela. In all four forms there is a 
Submental plate (Smt) and a menbranous mental region (Mt) • 
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In all four, a distinct prementum occurs, although it is sub- 
* 
divided into two sclerites in fig. 26. Pigs. 25 and 31 both 
have a single-lobed ligula, which condition may possibly ftave 
been brought about by the fusion of the paraglossal lobes such 
as occurs in the Dexmaptera (f£g. 23). In fact, a great many 
adult Coleoptera have a bilobed ligula apparently composed 
of two paraglossae (figs. 26, 27# 28, Pgl). 
The Hymenopterous labium (fig. 32) differs from that 
of Neuroptera and Coleoptera in that the glossae, instead 
ft 
of becoming entirely atrophied, fuse together to form a 
median glossal lobe (Gl). This condition is retained through¬ 
out the Hymenoptera, i.e. the glossae are never absent and 
5 f 
are always partly fused, though the glossal lobe may be bi¬ 
fid at the tip. Hence the Hymenoptera, while showing close 
t 
affinities with the Neuroptera and Coleoptera have kept a 
more primitive type of ligula than even these less specialized 
groups• 
The purpose of figs. 27 and 28 is to emphasize the 
fact that within the order Coleoptera there is in the adults 
a tendency to elongate both the premental and postmental 
regions. This tendency becomes very marked within some of 
the more specialized Hymenoptera, as will be shown in the 
following section of this paper, and results in some of the 
greatly attenuated types of bee mouthparts. Crampton noted 
this parallelism in 1925; it is appropriately mentioned here 
i • »* 
and will be more fully discussed in the following section 
which treats of the labia of Hymenoptera in some detail. 
- IT 
V. MODIFICATIONS OF THE LABIUM IN HYMEN OPTS BA. 
As early as 1928 Crampton noted the fact that In most 
of the Hymenoptera &he labial palpi consist of four segments 
instead of the usual three, and suggested that the fourth may 
, i « i 
have arisen by a subdivision of the terminal segment. Evidence 
is here presented in figs, 29* 30* 31* and 32 which tends to 
support this view by demonstrating that the 4-segment tendency 
occurs in the Neuroptera and foreshadows the general 4-segmented 
palpus of the Hymenoptera, The labium of a larval Corydalls 
(fig, 29) bears normal 3-segmented palpi (Pip)* but in the 
adult insect (fig* 30) the terminal segment becomes partially 
i * 
membranous on its inner surface (fig, 30* mem). This fact, 
when taken alone might be considered a mere oddity* but An 
examination of fig, 31* shows that in this adult Neuropteran 
the labial palp is distinctly 4-segmented, Furthermore, the 
primitive Hymenopteran Macroxyela (fig, 32) shows a condition 
# 'V 
very similar to that of an adult Corydalls: the terminal palp 
segment is subdivided by a rather indistinct membranous ring 
which seems without question to be forming an incipient fourth 
segment. The increase or reduction of palp segments is not 
an uncommon phenomenon in the InseCta, but the genesis of a 
4-segmented condition which tends to remain constant through¬ 
out a whole order is most certainly worthy of note. 
It has been shown in the first portion of this paper 
that the primitive type of Hymenopterous labium as exemplified 
by Macroxyela (x'ig, 32) has certain affinities with other forms 
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of lower Holometabola, and that the various parts of the Hy- 
menopterous labium can be logically homologlzed with those 
of the more generalized types. It will now be of interest 
to examine some of the labial modifications which have oc¬ 
curred within the Hymenoptera and to see what relationships 
and tendencies are indicated thereby. Just as the labium of 
Hachilis served to represent a generalized type of insect labium 
from which higher forms were probably derived, so the labium 
of Maoroxyela (fig, 32) will serve to represent the probable 
prototype of the labium of the Hymenoptera in general. 
Variations in Primitive Hymenoptera 
Among the so-called sawflles and horntails of the 
primitive Hymenoptera, the morphology of the labium is some¬ 
what stereotyped as will be seen from an examination of figs, 
32-37* In all of these forms there is present a submentum 
(Srat), and a membranous area of variable width (Mt) which is 
vexy probably homologous with the area marked Mt In the 
Coleopterous larva shown in fig, 25* There is also present 
in figs, 32-37 a clearly demarked prementum (Prmt) bearing 
three terminal lobes, the median lobe being undoubtedly the 
fused glossae. However, in spite of the general similarities 
of the various sawfly labia, there are certain variations 
which should be noticed. Figs, 35 and 36 show an elongation 
of the submentum, which seems to be characteristic of the 
Cimblcldsj and in fig, 36 the sclerite has become divided 
into two distinct portions. These facts serve to indicate 
19 
that the submental plate is of vary variable form and may 
become subdivided into two sclerites — a fact which may be 
of significance later in a discussion of the origin of the 
so-called "lorum" in the bees. 
It should also be noted that although 4-segmented 
palpi occur in figs. 33, 34, 35, and 36, there are only three 
* . ' » 
segments in the palp of fig. 37 (Pip). The transition con¬ 
dition of the terminal palp segment shown in fig. 32 has al¬ 
ready been discussed. The question naturally arises as to 
whether or not ths labium of Xiohydria (fig. 37) Is more 
primitive than that of Kacroxyela (fig. 32). The available 
evidence does not warrant any conclusive answer. However, 
it seems probable that Xlphydria is retaining a simpler, 
i 
primitive type of palp in accordance with a trend to extreme 
simplification and modification which occurs in Tremex. an 
insect placed close to Xiphvdrla by taxonomists. The labium 
of Tremex is the most highly modified of any studied during 
this investigation — a fact which demonstrates vividly the 
idea that a structure or organism may be highly modified along 
certain lines, while remaining primitive or generalized In 
other aspects. The Tremex labium (fig. 38) has apparently 
become fused with the maxillae (Kx ?) which have themselves 
been greatly reduced and modified. The labial palps are re¬ 
duced to two very rigid and stubby segments (Pip);* and the 
ligula (big) consists of a conical sclerotized protuberance , 
with no evidence of glossae or paraglossae. A premental re¬ 
gion Is dlscernable (Prmt), but the postmentum Is lost In 
i 
the general fusion and sclerotization of the maxillae* There 
Is present, however, a faintly demarked region which may 
possibly be a remnant of the submental plate (Smt)* 
The Labia of Vespold Wasps and Other Related Types 
It is necessary to consider now the labium of one more 
sawfly, that of Tenthredo (fig* 39),in order to see how the 
probable phyletie transition was mado from the sawfly type 
of labium to some of the types characteristic of Vespold wasps. 
The ffenthredo labium is similar in general structure to most 
of the other sawfly types Just considered, except that the 
general form is more elongate. The prementum (Prmt) is long; 
compared with that of Macroxyola (fig* 32), and the submental 
plate (Sint) is considerably lengthened. When this labium is 
compared with that of a Psammocharid (fig* 40), the resemblances 
4 * , 
are quite striking. To derive the labium of fig* 40 from that 
of fig* 39 it is only necessary to broaden the glossal lobe (01) 
reduce the size of the paraglossae (Pgl), and slightly change 
the shape of the prementum (Prmt) and of the submental plate 
(Smt)* 
It would seem, therefore, that the Psammocharids, at 
least in the structure of their labia,are among the most 
primitive of the Vespold wasps* Indeed, several lihes of 
variation seem to have originated in a type of labium similar 
to those represented in figs* 40 and 46* 
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Fig. 41 shows the labium of a typical Vespoid wasp , 
Vespa. The series of labia shown in figs. 41-44 is one of the 
best for showing the insect labium as a phyletically changing 
entity, and for illustrating the evolutionary tendency toward 
the elongation of the various parts of the labium. It must 
be remembered that each of the insects in this series is a 
contemporary species, hence the Pollstes labium of fig. 42 
cannot be descended from that of the Vespid of fig. 41. It 
has simply made a further advance in the expression of its 
tendency toward elongation, which is somehow, genetically or 
otherwise, intimately associated with this branch of the 
Vespoid group. 
The labium of Vespa (fig. 41) is probably descended 
from a type similar to that of fig. kO or of fig. 46. The 
bilobed condition of the glossa (fig. 41, 01) may be primi¬ 
tive or may indicate a secondary subdivision of the median 
lobe; whichever may be true, there is also a slight bilobing 
of the Psammocharld labium (fig. 46, Q-l) • 
The submental plate, however, which occurs as an 
elongated sclerite in the Psammocharids, has been lost in 
the Vespa labium. Indicating that the true phyletic pre¬ 
cursors of Vespa were more modified in this respect than 
are the Psammocharids. 
The figs. 41-44 need little explanation. In each 
successive labium there is a slight elongation of the pre- 
menfcum and of the glossal and paraglossal lobes. The elon¬ 
gation tendency may possibly be correlated with more efficient 
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feeding habits, as it is in the Apoldea. It will be noted 
that both the glossal and paraglossal lobes throughout this 
series bear curious ovate selerotized discs at their distal 
extremities which may possibly be associated with taste organs# 
They are chiefly of significance here in that their relative 
position remains constant throughout the series* 
Another rather curious type of labium worthy of 
mention is that of the Scoliid sjnown in fig# 45* Only one 
specimen of this group was studied, and it seems to be a 
rather highly specialized type which may possibly have arisen 
from a Psammocharid-1ike ancestor. In certain respects, 
such as the tremex^dous elongation of the prementum (Print), 
and the retention of a small submental plate (Smt), it seems 
to have affinities with the Sphecoid wasps (see fig. 55), 
but the tiny labial palpi (fig. 45# Pip) and the relative 
size and shape of the glossal and paraglossal lobes (&1, Pgl) 
are decidedly unlike those of the Sphecids. 
The Iohneumonoidea is another large group of Hymenoptera 
which, according to the evidence of labial structure, seems 
to have had a Vespoid ancestry. A comparison of figs. 46, 47# 
and 48 and also of 46A and 48A reveals several interesting 
ad significant features. The elongate submental plate of 
fig# 46 (Smt) is a smaller rectangular plate in fig# 47# and 
Is reduced to a barely discernible vestige in Fig* 48. In 
other Ichneumon types, as that shown in fig* 49, the submental 
plate is completely lost# 
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The most Important tendency, however. In this series 
of labia is the progressive reduction of the paraglossal lobes 
(figs. 46-49, 46A, 48A, Pgl). This reduction occurs simul¬ 
taneously with an expansion of the median glossal lobe (Gl) , 
and also a tendency toward ^-dimensionality* of the labium , 
or extension inward, in another plane of space, of the lateral 
edges of the prementum (see fig. 46A). The purpose of figs. 
46A and 48A, which are the lateral views of the labia repre¬ 
sented in figs. 46 and 48, is to convey a clearer idea of the 
actual form of the labia and its glossal and paraglossal lobes. 
In all of the Hymenopteia studied in the prepartion 
of this paper the premental region is somewhat semi-cylindrical 
or semi-cone-shaped, but it is seldom so markedly M3-dimen- 
tional" as in the labia whose paraglossae (Pgl) have become 
Mseale-like” as in figs. 47-49, and fig. 48A. 
It will also be noted that the glossal lobe (Gl) of 
fig. 46 is somewhat scoop-shaped or shovel-shaped; this ten¬ 
dency is retained throughout the Ichneumonoid series. 
At this point, attention should be called to the fact 
that the glossal lobes (Gl) of a labium such as that of the 
Ichneumonid shown in fig. 48 have sometimes been termed para¬ 
glossae. Indeed, upon superficial examination they do seem 
to be homologous with such lobes as those of the Coleopterous 
labium shown in fig. 26 (Pgl). .Jt is now evident from the 
foregoing discussion that the lobes of the Ichneumonid are 
glossal lobes, which are so large that they nearly hide the 
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tiny paraglossae completely* 
Figs* 50 and 51, the labia of a Braconid and a Pelecinid 
respectively, are types apparently closely related to the Ich¬ 
neumon series. Both have a broad flap-shaped glossa (Gl). The 
PeleCinid, however, has palpi of only three segments, and may 
represent a somewhat different line of development. 
There remains among the Vespoid Hymenoptera studied 
herewith only the labia shown in figs. 52 and 53, a Mutillid 
ani a Formicid respectively. A more thorough investigation 
of the two groups represented would undoubtedly shed more light 
upon their origins and affinities. The Kutillids are generally 
considered to be Vespoid wasps, whereas the true ants form a 
separate group, the fformicoldea. It is not difficult, however, 
to derive both labia here studied from the Psamnocharid type 
(fig. 40) and it is possible that both groups had a common 
origin in the pre-Vespid stock. In any case, the two labia 
(figs. 52 and 53) are very similar as to retention of the sub- 
mental plate (Smt), shape of the glossa (Gl) and reduction of 
the paraglossal lobes (Pgl)• 
The labia of Sphecold Yfaspa 
One of the most interesting and significant of all 
the series of labial types discovered in the research con¬ 
ducted in preparation of this paper is that shown in figs. 
54-60, which suggests the probable phyletic steps which 
occurred in the development of the long, flower-probing 
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tongues of bumble- and honey-bees. 
f ' l 4 
Some of the princlp&l trends or tendencies evident 
% ** 
In this series are the tremendous elongation of both the pre- 
4 
mentum and the glossal lobes (Print, Gl), the great lengthen¬ 
ing of the labial palpi in all except fig. 57, and the re¬ 
tention of one or more solerotizea plates in the postmental 
region. 
It is not improbable that the somewhat generalized 
Spheold labium shown in fig. 54 diverged from the ancestral 
stock through a type similar to figs. 33 or 34. Pig. 54 
already shows an enlargement of the glossal lobe and a narrow¬ 
ing <Sf the paraglossae (Pgl). This labium (fig. 54) also 
% * i 
displays an evident similarity to the generalized pre-Vespoid 
type shown in fig. 40, and it is probable that the labia of 
the two main groups of wasps (Vespoid and Spheooid) had a 
• •* 
common ancestry in a type intermediate between figs. 33 and 40. 
A somewhat greater elongation is illustrated by fig. 
55* **ere there is a much more barked lengthening of the glossa 
(Gl) which becomes bifid at the tip. This tendency is also 
retained in figs. 56 and 57# The paraglossae of fig. 55 (Pgl) 
illustrate the beginning of a tendency to become slightly 
flattened rather than tubular in shape* and to cup themselves 
around the glossal lobe, sheath-like. This tendency is of 
great importance, since in the long-tongued bees (figs. 58-60, 
I 
Pgl) the paraglossae enwrap the base of the long glossal 
"tongue" (Gl) „and perform the important function of conduct¬ 
ing nectar from the groove (Gr) on the posterior surface of 
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the glossa around the base of the glossa and anteriorly toward 
the mouth opening* The progressive steps in this sheathing 
process may be traced in figs* 55-60* Apparently as the basal 
portion of the paraglossae (Pgl) becomes of greater importance 
functionally, the elongated distal portion is lost* It is 
evident, at least, that the paraglossae do become reduced in 
size, and are smallest in the Bombid bee shown in fig* 60 (Pgl)* 
It is also noticeable that the labial palpi (Pip) 
are much lengthened in all labia of the series (figs* 55-60) 
except in the Bembecid type (fig* 57)* This type is peculiar 
In several respects* It retains the Sphecoid tendency to 
elongate both glossa and paraglossae (cf* figs. 55, 56, 01, 
* 
Pgl) and Indeed, gives fullest expression to this tendency, 
the lobes being tremendously elongated* However, the pre- 
i f 
mental region (Print) remains relatively short, and the palpi 
have been reduced to a single segment (Pip)* It is evident, 
therefore, that the Bembecid labium represents a somewhat di¬ 
vergent line of development which probably had its origin in 
a Sphex-llke type (fig, 56). 
The submental region in the Hymenoptera seems to be 
quite variable. It has been shown that in generalized forms 
there is a submental plate separated from the premen turn by 
a membranous area, the mentum. However, in figs. 55 and 56 
this membranous area, either by a migration of the submental 
plate (Smt) or by a sclerotization of the mental membrane, 
disappears* Thus, in figs. 56 and 57# prementum (Prmt) and 
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postmentum (Pint) are closely approximated and apparently 
no raentuin is present. Because of the plasticity of this 
postmental area it is difficult to determine the homologies 
of the characteristically-shaped sclerites of the postmental 
region of the long-tdngued bees (figs, 58, 59, 60), The 
band-shaped sclerite which serves as a hinge in the feeding 
^' 
movements of the labium is termed the lorum (Lr), and the 
small sclerite which it embraces is called by Snodgrass the 
men turn. It may be true that the lorum is actually the sub- 
men turn, and that the mental membrane becomes sclerotized in 
the bees. The evidence obtained in this investigation is 
not sufficient to refute this view. However, in view of 
the fact that in the Bembecid labium (fig, 57) the postmentum 
(Pmt) is but weakly sclerotized and is slightly constricted 
in its mid-portion, it may ne that the lorum and the sclerite 
embraced by it are secondarily formed sclerites either aris¬ 
ing as a subdivision of the submental plate (fig, 57, Smt ?), 
or as sclerotized areas in the general semi-membranous post¬ 
mental region. It will be recalled that the submental plate 
may subdivide as In the sawfly labium shown In fig 36. The 
view that the lorum and its embraced sclerite may be formed 
secondarily from a semi-membranous area proximal to the pre- 
mentum receives added weight from a consideration of the series 
of labia which gave rise to the Andrenld bee type, a discussion 
of which follows. 
The final labial series to be considered in this paper 
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Is shown in figs* 61-66* It suggests the possible steps 
In the differentiation of this Andrenid or "short-tongued" 
bee type of labium. Obviously, the tendency is not toward 
a shortened labium; the term "short-topgued* refers only to 
the relatively small development of the glossal and para- 
glossal lobes* 
Figs. 61 and 63 are both Sphecoid wasps which seem 
to furnish certain transitional characters from the general¬ 
ized Sphecld (fig* 54) to the specialized short-tongued bee 
type (figs* 64, 65)# 
Although the wasp labium shown in fig* 61 has much 
reduced paraglossae (Pgl), indicating a degree of speciali¬ 
zation, its glossa (01) is large and bifid and its palps 
are relatively short, indicating that its ancestor may have 
been a type intermediate between figs. 54 and 55. This Sphecoid 
ancestor, or a type similar to it was probably the precursor 
of the series of figs. 63-66. 
The most obvious tendency in this series is that of 
elongation* This same trend was noted in the Coleoptera, in 
the Vespold Hymenoptera, in the Sphecoid types leading to Anls 
and Bombua* and now finally in the types leading to the An- 
drenlds. In the present series, however, it is primarily the 
prementum (Prmt) which elongates, its distal lobes remaining, 
in every case, comparatively short* Another constant feature 
Is the small size of the labial palpi (Pip), which are never 
attenuated or modified as they are in the long-tongued bees. 
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The paraglossae, too* remain relatively small throughout 
the series (figs* 63-66, Pgl), and the glossa (Gl),though 
sometimes variable in degrees of lobatlon, is never greatly 
lengthened or otherwise highly modified* 
Fig* 62 is the labium of a Chalcid wasp which shows 
certain affinities with that of the Sphecoid wasp, Philanthus 
(fig. 63), and of the bee, Oolletes (fig* 64), notably the 
bilobed glossa (Gl), the elongated prementum Prmt), and the 
modified postmental region (Pmt). In the Chalcid labium, the 
postmentum is poorly defined, just as it is in the wasp of 
fig* 63* Fig* 64 is the labium of Collates* an Insect very 
close to the true Andrenid bees. Here a peculiar-shaped 
postmental sclerite has developed (Pmt) which may be analogous 
to the lorum apparatus of figs* 58-60. A comparison of the 
postmental region of figs. 63 and 64 suggests the possible 
origin of this sclerite from a semi-membranous postmentum 
(fig. 63, Pmt). 
* 
A similar sclerite occurs in the true Andrenid labium 
(fig* 65, Pmt), and an even greater sclerotizatlon along with 
a tremendous elongation, occurs in the postmentum of the An¬ 
drenid, Agapostemon (fig* 66)* 
It would seem from the foregoing discussion that an 
ancient Sphecoid-wasp form of labium having resemblancesboth 
to figs. 61 and 62, diverged (phyletlcally speaking) from the 
main Sphecoid stem, gradually lengthening its prementum, re¬ 
ducing the size of its palpi, and developing in the semi- 
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membranous area of its postmentum (figs* 63-66, Pmt) solero- 
tized regions apparently adapted to a more efficient strength- 
ing and hinging of the elongated apparatus of its proboscis* 
It is possible that a similar sclerotlzation of the 
postmental membrane occurred in the long-tongued bees, and 
gave rise to the lorum and its enclosed sclerite associated 
with the labial feeding movements of these bees. 
CONCLUSIONS 
It has not been the purpose of this investigation 
i . * . ': 
to establish any new system of classification of the insects. 
Such an attempt based only on a study of the labia would ob¬ 
viously be tto incomplete to be of much value. The attempt 
has been made, however, to show that the various taxonomic 
groups are intimately related to one another structurally, 
and that the record of phylogenetic variation which led to 
the diverse existing groups remains at least partially 
preserved in their present structure. 
Although it is not possible in a study of this kind 
to draw clearly defined conclusions as to detailed taxomdmlc 
relationships, there are certain general conclusions which 
may be inferred from the factual material presented in the 
main body of this paper* 
1. The evidence of the labium, insofar as studied, 
tends in general to support previous contentions of insect 
relationships• 
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2* The labium of Kachllis aay he considered as a 
generalized prototype from which it is possible to 
derive other homologous labial types found in many 
of the more generalized insect orders* 
2* The labium of Hymenoptera, although somewhat 
modified even in primitive forms, retains homologies 
with the labia of Ooleoptera and Neuroptera, indicat¬ 
ing that the ancestors of all three groups have pro¬ 
bably descended from the same stock* 
4* The four-segmented labial palps of Hymenoptera 
have apparently been derived from the three-seg¬ 
mented type by a segmental subdivision, occurring 
as a progressive encroachment of a ring of membrane 
in the terminal segment* 
2# Within the Hymenoptera, labial evidence shows 
the sawflies to be the most generalized group* 
Using the labium of a Xyelid sawfly as a starting 
point, various evolutionary lines are seen to have 
developed* The Sfrhecoid wasps form one of the major 
groups, with the Bembecld wasps, the Andrenid bees 
and the long-tongued bees probably as specialized 
outgrowths of the Sphecoid group* Another raajor 
group is the Vespoid wasp group* Prom ah early 
sawfly-like type one branch leads to the typical 
Vespids, and another apparently to the Ichneumons* 
The ants also seem to have diverged from the pre- 
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^espid stock. 
6. In the Hymenoptera the glossae are never com¬ 
pletely lost as they aref for example. In the 
Goleoptera. Hymenopterous glossae are always 
present, usually as a median glossal lobe which 
may be variously expanded scoop-like or bifid at 
the tip, or may be greatly attenuated to form the 
grooved "tongue* of the long-tongued bees. 
X* In nearly all of the series of labia studied, 
certain evolutionary tendencies may be discerned 
which seem to manifest themselves in parallel lines 
V. 
of development, often in widely divergent groups. 
8. One of the moat obvious tendencies is that of 
i h 
the elongation of various parts of the labium. It 
is seen in adult Coleoptera, again in the Vespold 
Hymenoptera, in the Sphecoid Hymenoptera leading to 
the long-tongued bee type^,and in another branch of 
the Sfchecoid wasps leading to the Andrenld bee type. 
Hence, in one sense, the labia of bees or "Apoidea" 
are dlphyletic, having arisen apparently as different 
branches of the Sphecoid stock which followed parallel 
coursesof elongation. 
2* Another evolutionary tendency observed in the 
Hymenoptera is that of the reduction of the para- 
glossal lobes to inconspicuous ecale-like flaps. 
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This, too, apparently occurs in diverse groups of 
the Hymenoptera# 
10. The present investigation, while treating of 
a necessarily limited number of Insect labia, has 
offered a contribution to the factual knowledge of 
insect morphology, and at the same time has attempted 
to Interpret some of these facts in the light of 
evolutionary principles; the information here presented 
may serve as abasia for more comprehensive treatment 
by future investigators# 
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EXPLANATION OF FIGURES 
Figures 1-8, Inclusive, are redrawn from Snodgrass; 
all other illustrations are original except as otherwise 
Indicated in the explanatory notes* 
All the labia are shown in posterior or ventral 
aspect, except figures 46A and 48A, which are lateral views* 
Stippled areas always indicate membrane* 
Fig. 1 Theoretical primitive segmental appendage. 
Fig. a Primary division of appendage Into coxopodite 
and telopodite* 
Fig. 3 Establishment of "knee Joint" in telopodite of 
primitive limb* 
Fig* 4 Generalized Insect leg* 
Fig. 5 Limb of Trilobite. 
Fig. 6 First maxllllped of Anaspides tasmaniae (Crustacea) 
Fig* 7 Generalized insect maxilla* 
Fig. 8 Pair of maxillae theoretically united to form 
labium-like structure* 
Fig. 9 Labium of Machills (Thysanura)* 
Fig. 10 Labium of Thermobia (Thysanura)* 
Fig. 11 Labium of HeteroJapyx (Thysanura)* 
Fig. ia Labium of Cryptoeereus (OrthoptQ" a)• 
Fig* 13 Labium of Blatta orientalls (Orthoptera)* 
Fig. 14 Labium of Anabrus (Orthoptera) * 
Fig. 15 Labium of a Katydid (Orthoptera)• 
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Fig. 16 
Fig. 17 
Fig. 18 
Fig. 19 
Fig. 20 
Fig. 21 
Fig. 22 
Fig. 23 
Fig. 24 
Fig. 25 
Fig. 26 
Fig. 27 
Fig . 28 
, * 
Fig. 29 
Fig. 30 
Fig. 31 
Fig, 32 
Fig. 33 
f 
Fig. 34 
Fig. 35 
e 
Pig. 36 
Pig* 37 
Pig. 38 
Fig. 39 
Labi vim of a Pigmy Locust (Orthoptera). 
Labium of Romalea (Orthoptera) • 
Labium of a Mantid (Orthoptera). 
Labium of a winged Tennite (Isoptera). 
Labium of Nemoura (Plecoptera). 
Labium of Pteronaroys proteus (Plecoptera). 
Labium of Oliftotoma (Embiidina)• 
Labium of an Earwig (Dermaptera) • 
Labium of Hemimerus (Dennaptera). 
# 
Labium of laryal Hesperus baltlmorensls (Coleoptera)• 
(After Anderson, 1936) 
* 
Labium of a Cantharid beetle (Coleoptera). 
Labium of a Lampyrid beetle (Coleoptera)• 
A 
Labium of Rhipiphorus dimidiatus (Coleoptera). 
(After Miss Williams, 1936) 
* 
Labium of larval Corydalls (Neuroptera). 
Labium of adult Corydalls (Neuroptera). 
Labium of Hemeroblus (Neuroptera)• 
Labium of Maoroxyela forruglnea (Hymenoptera) • 
Labium of Arge peotoralls (Hymenoptera). 
Labium of Pamphlllus (Hymenoptera)• 
Labium of Clmbex amerlcana (Hymenoptera). 
Labium of Trlohlosoma sploatum (Hymenoptera) • 
Labium of Xlphydrla alblcomls (Hymenoptera) . 
Labium of Tremex oolumba (Hymenoptera) • 
labium of Tenthredo basllarls (Hymenoptera) • 
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Fig* 40 Labium of Ceropalea blpunctata (Hymenoptera)* 
Fig. 41 Labium of Vespa macullfrons (Hymenoptera). 
Fig. 42 Labium of Pollstes palllpea (Hymenoptera)• 
Fig* 43 Labium of Anclstocerus catskiliensis (Hymenoptera). 
Fig. 44 Labium of Sumenes fraterna (Hymenoptera). 
Fig. 45 Labium of Scolla bicinota (Hymenoptera). 
Fig. 46 Labium of Lophopompilus aethiopa (Hymenoptera) • 
Fig. 46A Labium of Lophopompilus aethiopa (Hymenopter#). 
, (Lateral view.) 
Fig. 47 Labium of Tropes exesorlus (Hymenoptera). 
Fig. 48 Labium of Thyreodon morio (Hymenoptera). 
Fig. 48A Labium of Thyreodon morio (Hymenoptera). 
(Lateral view.) 
Fig. 49 Labium of Trogomorpha ferrugator (Hymenoptera) • 
Fig. 50 Labium of Bracon liberator (Hymenoptera). 
Fig. 51 Labium of Peleolnua polyturator (Hymenoptera). 
Fig. 52 Labium of Dasymutllla vesta (Hymenoptera) • 
Fig. 53 Labium of Camponotus herculearns pennsylvanlcus 
(Hymenoptera)• 
Fig. 54 Labium of Scellphron eemontarlum (Hymenoptera) • 
Fig. 55 Labium of Chlorlon iohneumonlum (Hymenoptera). 
Fig. 56 Labium of Sphex nigricans (Hymenoptera) • 
Fig. 57 Labium of Bembex splnolae (Hymenoptera). 
Fig. 58 Labium of Xylocopa mordax (Hymenoptera) • 
Fig. 59 Labium of Apis melllflca (Hymenoptera) • 
Fig. 60 Labium of Bombus fervldus (Hymenoptera) • 
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FIs. 61 
I 
Fig. 62 
Fig. 63 
* 
Fig. 64 
•i 
Fig. 65 
H 
Fig. 66 
Labium of Ancietromma distlncta (Hymenoptera). 
Labium of a Chaloid wasp (Hymenoptera)• 
t 
Labium of Philanthus gibbosua (Hymenoptera). 
Labium of Colletes validus (Hymenoptera) • 
i 
Labium of Andrena vioina (Hymenoptera)• 
M 
Labium of Agapostemon radiatus (Hymenoptera) • 
- 41 - 
ABBRSVIATIOHS 
* 
cd • cardo of maxilla# 
Cxp • ooxopodlto# 
End • ondita lobe# 
Ext 
; 
• exito lobe* 
ft - femoro-tibial Joint (*kn©e Joint”)• 
Ga - galea# 
01 - glossa# 
• gular pit# 
Or 
* 
• glossal groove# 
Ou • gula# 
Oui • first gular plat©# 
GU2 • second gular plate# 
Lo - lacinla# 
Lis 
1 * 
<• ligula# 
Lr • lorum (eubnentu® 7)# 
mem - membrane* 
Kt - montum# 
MX • maxilla# 
MxPlp* maxillary palpus# 
F3I • paraglossa# 
Pip 
« 
• labial palpus# 
?ot • postmentua# 
Prmt 
' 
- prenentum# 
Sat * 
3t 
Tlpd 
• eubraontum# 
» maxillary stipes# 
• telopodite# 
. 
. 
. 
/ 
Fig'. 7 Fig 8 

>r 
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Fiff 23 
Fig: 24 
Fig*. 25 Fig: 26 
C=3—^x 
Fig: 43 
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